Background: Pericardial effusion is still a common postoperative complication after open heart surgery with cardiopulmonary bypass. Pericardial effusion significantly prolongs the hospital stay and associated costs as well as affecting overall outcomes after open heart surgery in Hanoi Heart Hospital, a tertiary hospital in Vietnam with an annual volume of 1000 patients. This study aimed to investigate the clinical presentation, incidence, and risk factors of postoperative pericardial effusion, which may ensure better prevention of pericardial effusion and improvement in surgical outcomes after open heart surgery. Methods: A cross-sectional study was performed on 1127 patients undergoing open heart surgery from January 2015 to December 2015. Results: Thirty-six (3.19%) patients developed pericardial effusion. Of these, 16 (44.4%) had cardiac tamponade. Pericardial effusion occurred after valve procedures in 77.8% of cases. Pericardial effusion was detected after discharge in 47.2% of cases at a mean time of 18.1 AE 13.7 days. Univariate logistic regression analysis showed that age > 25 years, body surface area 5 1.28 m 2 , preoperative liver dysfunction, New York Heart Association class III/IV, left ventricular enddiastolic diameter z score 5 0.55, and postoperative anticoagulant use were associated with postoperative pericardial effusion. Multivariate logistic regression analysis showed that left ventricular end-diastolic diameter z score 5 0.55 was an independent risk factor for postoperative pericardial effusion. Conclusions: Routine postoperative echocardiography is necessary to detect postoperative pericardial effusion. Increased left ventricular end-diastolic dimension is an independent predictor of postoperative pericardial effusion.
Introduction
Pericardial effusion (PE) is still a common postoperative complication after open heart surgery with cardiopulmonary bypass. PE has been reported to be associated with less-favorable or even critical clinical outcomes. [1] [2] [3] Postoperative surgical or coagulopathic bleeding and exudative fluid due to heart failure are common causes of postoperative PE. Fibrin deposition after pericardiectomy is initially a good response to secure hemostasis and promote healing, but it may lead to subsequent PE due to fibrinolysis and secondary bleeding. 4, 5 Several risk factors have been shown to be related to postoperative PE, including the type of cardiac procedure, anticoagulants, heart failure, and renal failure. However, the cause of the majority of postoperative PE is unknown. 6 PE significantly affects hospital stay, associated costs, and overall outcomes after open heart surgery in Hanoi Heart Hospital, a tertiary hospital in Vietnam with an annual volume of 1000 patients. PE might be related to the standard of care, surgical techniques, heart failure, or kidney failure. However, their roles in the development PE in Vietnamese patients have not been well studied for better management of this condition. This study aimed to investigate the clinical presentation, incidence, and risk factors of postoperative PE, which may ensure better prevention of PE and improve surgical outcomes after open heart surgery.
Patients and methods
The study was approved by the institutional review board of Hanoi Heart Hospital. We selected 1127 patients aged from 5 days to 81 years from 1276 patients undergoing open heart surgery from January 2015 to December 2015. PE patients were excluded from the study if they were not undergoing surgery under cardiopulmonary bypass, had PE due to other causes such as cancer, were diagnosed more than 90 days after surgery, or had cardiac tamponade requiring reoperation within the first 3 postoperative days. Patients who died after surgery for reasons unrelated to PE were also excluded.
Patients were diagnosed with PE based on the presence of symptomatic fluid accumulation in the pericardial cavity that required hospitalization for observation and treatment, either medical or surgical. Postoperative echocardiography was performed after surgery, before discharge, at 2 weeks and every month after discharge.
This was a cross-sectional study. Data were analyzed using SPSS version 22 software (SPSS, Inc., Chicago, IL, USA), with the chi-square test for categorical data and the independent t test or Mann-Whitney test for numerical data. A p value < 0.05 was considered significant. Univariate and multivariate logistic regression analyses were used for assessment of risk factors.
Results
Thirty-six patients (3.19%) had postoperative PE. Their demographic data and surgical details are listed in Table 1 . The male:female ratio was 1.05:1. Most PE (75.0%) occurred within 3 weeks after surgery when the patients had already been discharged, and 16 (44.4%) presented with cardiac tamponade. The mean time from surgery to diagnosis of PE was 18.1 AE 13.7 days ( Table 2) . Clinical presentations of PE were nonspecific and mild (Table 3) . Patients with cardiac tamponade presented with tachycardia only, and did not show signs of hemodynamic instability. Diagnosis of PE and cardiac tamponade relied on routine postoperative follow-up using echocardiography (Table 4) . Echocardiography showed a mean pericardial separation of 31.7 AE 8.9 mm (range 10-62 mm), with 91.6% of patients having a large PE (>20 mm), and 86.1% of PE were loculated behind the left ventricle. The mean drainage volume was 426.4 AE 189.9 mL (range 50-1000 mL). PE occurred as a transudate in 9 (25%) patients and hemopericardium in 27 (75%). The presence of some potential risk factors of PE in the 2 groups are listed in Table 5 . Univariate logistic regression analysis showed that postoperative PE was associated with age > 25 years, body surface area (BSA) 5 1.28 m 2 , preoperative liver enzyme elevation, New York Heart Association (NYHA) class III/IV, left ventricular end-diastolic diameter (LVEDD) z score 5 0.55, and the use of postoperative anticoagulants (Table 6 ). Multivariate logistic regression analysis showed that only LVEDD z score 5 0.55 was associated with postoperative PE (Table 7) . Surgical intervention was indicated for cardiac tamponade in 36 (44.4%) patients, clot evacuation in 9 (25%), large PE in 6 (16.7%), or moderate PE unresponsive to conservative treatment in 5 (13.9%). Colchicine 1 mg daily and ibuprofen 800 mg daily for 1-2 weeks were used for prevention of recurrent PE. All patients were followed up after 2 weeks and then monthly for 3 months. Only 4 (11.1%) patients treated with fluid aspiration had a recurrent PE at 23 AE 7 days after treatment, and required a second intervention with either a pericardial window (1 patient) or subxiphoid pericardiectomy for drainage (3 patients).
Discussion
The reported incidence of PE after open heart surgery is approximately 77%. The majority of cases are mild to moderate and do not require any treatment. [7] [8] [9] Only 1%-2% of PE are severe, requiring close monitoring and intervention. 8, 10, 11 In the present study, PE in patients aged 5-days to 81-years undergoing various types of cardiac surgery were investigated. Our data show that PE occurred in 3.19% of patients, and 44.4% of these presented with cardiac tamponade on echocardiography only. Similar to previous studies, 1, 9 most (75%) PE in our study were diagnosed in the 3rd week after surgery when a half of these patients had already been discharged. Only 11.1% of PE were diagnosed during the 1st week after surgery when the patients were still in hospital.
Clinical presentations of PE are nonspecific, including lethargy, breathlessness, and chest discomfort (97.1%, 77.1%, and 74.3%, respectively). 1, 2, 12 Less frequent symptoms are edema and hepatomegaly (8.6% and 22.2%, respectively). Classic signs of PE such as dull heart sounds and pericardial friction rub were not present in our patients. Hemodynamic changes including low systolic blood pressure, tachycardia, and oliguria were seen in 63.9%, which was higher than the incidence of 42% reported by Ashikhmina and colleagues. 1 However, these symptoms are not specific for cardiac tamponade. Cardiac tamponade was detected by echocardiography in some patients, but it was not severe enough to cause hemodynamic collapse. Other common signs of PE were low QRS voltage (74.3%), ST elevation (45.2%), and electrical alternans (25.8%). Large PE (>20 mm) were common in our study (91.6%), with a mean pericardial separation of 31.7 AE 8.9 mm, and 86.1% loculated posterior to the left heart. Ashikhmina and colleagues 1 reported a similar pericardial separation of 30 AE 12 mm (range 7-70 mm), but a lower rate of large PE (41%) and loculated PE (64%), possibly due to differences between the 2 studies in terms of patient selection and the classification of PE. Pericardial blood clots were detected on echocardiography in 33.3% of PE patients, which was greater than the 10% reported by Ashikhmina and colleagues. 1 Patients with large pericardial clots that caused cardiac tamponade were treated with pericardiectomy for decompression, clot evacuation, and hemostasis. The largest clot observed in our study was 3 Â 7 cm.
The clinical presentation of PE did not correlate with the amount of fluid accumulation, as shown by the absence of signs of hemodynamic instability in patients with large PE, including decreased systolic blood pressure and hemodynamic collapse. These patients only showed tachycardia. The absence of critical symptoms in PE patients with a large volume of fluid drained (426.4 AE 189.9 mL) might be explained by incomplete closure of the pericardium, an enlarged pericardial cavity due to heart failure, and enhanced functional compensation after surgical correction. It should be noted that cardiac tamponade presented in 44.4% of PE patients and was only detected by echocardiography, highlighting the importance of routine postoperative echocardiography for detection of PE.
Postoperative PE has been reported to be associated with several risk factors such as large BSA, hypertension, heart failure, kidney failure, type of surgery, use of anticoagulants, and bypass time. 1, 9 Ashikhmina and colleagues 1 found that BSA was an independent predictor of postoperative PE. Univariate analysis in our study showed that BSA > 1.28 m 2 was associated with a 5.2-times higher risk of postoperative PE, whereas multivariate analysis showed no significant association, possibly due to its dependence on the age variable. Similar to that of Ashikhmina and colleagues, 1 our data showed no association between sex and PE. However, Cheung and colleagues 9 reported that females had a higher risk of postoperative PE. 9 Our results showed an association between PE and preoperative heart failure, as represented by NYHA class and LVEDD z score. Patients with significant cardiac remodeling had a higher risk of PE. Preoperative NYHA class III/IV was associated with a 3.02-times higher risk of PE. We also noted that patients with LVEDD z scores > 0.55 had a 4.1-times higher risk of PE. To the best of our knowledge, this is the first time that LVEDD z score has been identified as a predictor of postoperative PE. A mismatch between the heart and the pericardial cavity after surgical repair may predispose the latter to fluid accumulation and PE. Elevated liver enzymes may be seen in heart failure patients due to decreased cardiac output, which may result in impaired liver perfusion and ensuing hepatocellular necrosis. This association could explain the 2.97-times higher risk of PE in patients with elevated liver enzymes on univariate analysis, but this association was not significant on multivariate analysis. Most (77.8%) PE patients were in the valve surgery group. Univariate analysis showed that valve surgery increased the risk of PE 4.41-times compared to other cardiac surgery. This finding is similar to that of Ashikhmina and colleagues, 1 who noted that the majority (83%) of their PE patients had undergone valve surgery. Our patients having valve surgery received an anti-vitamin K anticoagulant which could be an independent risk factor for postoperative PE. The greater proportion of valve surgery patients > 25-years old might explain the 7.3-fold higher risk of PE in this age group. None of our PE patients underwent coronary artery bypass surgery; PE after coronary artery bypass used to be a common complication, possibly due to oozing of blood from the internal mammary artery bed after harvesting. 7 Recent improvement in internal mammary artery harvesting and hemostasis techniques, in addition to wide opening of the left pleura during internal mammary artery harvesting, may facilitate drainage of pericardial fluid and prevent PE. Ascending aortic surgery has been reported to be an independent risk factor for PE, 13 possibly due to postoperative bleeding, an inflammatory reaction, dissolution of blood clots, plasma weeping of the vascular graft, or damage to the regional lymphatic system. 1, 13 In our study, 2/15 ascending aortic surgery patients had PE, but univariate analysis showed no significant association, possibly due to the small number of patients (15/1127) undergoing this procedure.
The effect of cardiopulmonary bypass on inflammation, redistribution of fluid and electrolytes, hemolysis, and blood dilution may increase the risk of PE. Bypass and aortic crossclamp times have been shown to be related to postoperative PE. It has been reported that PE patients have longer crossclamp times, and every 10-min increment in bypass time increases the risk of postoperative PE. 1 However, data from our study showed no significant association between bypass or crossclamp times and PE, and there was no significant difference in bypass time between the PE and non-PE groups.
The use of anticoagulants may increase the risk of postoperative PE. Malouf and colleagues 8 reported that incidences of large PE and cardiac tamponade were significantly increased in patients receiving postoperative anticoagulation. Our data indicate that preoperative anticoagulants did not increase the risk of postoperative PE, but patients receiving postoperative anti-vitamin K preparations had a 4.84-times higher risk of postoperative PE. However, multivariate analysis showed that this effect is not substantial. There was no significant difference between the PE and non-PE groups with regard to left ventricular ejection fraction, renal failure, hypertension, or diabetes, possibly due to the young cohort of patients with congenital and valve diseases in our study, in whom kidney failure, hypertension and diabetes are less common.
We concluded that most cases of PE present at 2-3 weeks after surgery when patients have been discharged. The symptoms of PE are mild and nonspecific, and postoperative echocardiography is currently the only effective means to diagnose and guide intervention. Factors associated with increased risk of postoperative PE are age > 25 years, large BSA, preoperative elevation of liver enzymes (>2 times the baseline), NYHA class III/IV, LVEDD z score > 0.55, valve surgery, and use of anticoagulants; LVEDD z score > 0.55 is an independent predictor of postoperative PE.
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